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ABSTRACT: The device is adapted to be used with an exter~ 
nal circuit for controlling the operation of associated equip 
ment and comprises sensing means the impedance of which 
varies in proportion to the ambient temperature. The sensing 
means is provided with leads to connect the same to the con 
trol circuit. In energy exchanging relationship with the sensing 
means is the heat producing portion of a heater; said heater 
having terminals for connection to the associated equipment 
so that the temperature of the heater varies in proportion to a 
parameter of the associated equipment. An enclosure receives 
the heat producing portion of the heater and the sensing 
means therein to concentrate the heat generated by the 
heater. Additionally, a housing surrounds the enclosure to in 
sulate the enclosure from the external temperature. 
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THERMAL SENSING DEVICE 

This invention relates generally to a thermal sensing device 
and, more particularly, pertains to a thermal sensor which is 
substantially insulated from external temperature variations to 
provide an efficient and accurate device. 
Thermal sensing devices are usually used as a safety device 

to control the operation of associated equipment. For exam 
ple, such devices are operable to actuate a control circuit 
which causes power to be removed from equipment when a 
parameter such as the current of the equipment reaches a 
preselected danger point. Normally, the sensing devices in 
clude a sensing element or sensor, the impedance of which 
changes in proportion to the ambient temperature. The cur 
rent values of the associated equipment being monitored are 
converted to proportional temperatures by means of a heater. 
The sensor senses the temperature of the heater and actuates 
the control circuit when the sensed temperature reaches a 
value corresponding to the danger point of the equipment cur 
rent. However, presently commercially available sensing 
devices suffer from a number of drawbacks. 

Thus, the heaters and the sensors in such devices usually are 
exposed to the surroundings. Hence, they are subject to am 
bient temperature variations which produces inaccurate 
results. To be more speci?c, if the ambient temperature is 
relatively high the sensing device will operate the external 
control circuit in a shorter period of time than when the am 
bient temperature is relatively low. Additionally, present 
sensing devices utilize a sensor whose impedance changes at a 
relatively gradual rate with temperature. As a result, it is dif 
?cult to design a control circuit which operates when the tem 
perature reaches one preselected value. In the more usual 
case, the control circuit is designed to operate when the tem 
perature of the sensor falls into a wide range of temperatures. 
Thus, such devices are highly inaccurate since it is dif?cult to 
specify the particular temperature at which the control circuit 
will be actuated. Additionally, these sensors are usually slow 
acting so that serious damage may occur before the control 
circuit is actuated. 

Accordingly, an object of the present invention is to provide 
an improved sensing device. 
A more speci?c object of this invention is to provide a 

highly ef?cient sensing device. . 
Another object of the present invention resides in the novel 

details of construction which provide a sensing device of the 
type described which is substantially insulated from the sur 
rounding temperature variations. ‘ 

Accordingly, a sensing device constructed according to the 
present invention comprises sensing means having an im 
pedance which varies in accordance to its temperature. Tem 
perature varying means is provided for varying the tempera 
ture of the sensing means. The temperature varying means has 
means for connecting the temperature varying means with an 
external device to be monitored so that the temperature of the 
temperature varying means varies in accordance with a 
selected parameter of the external device. An enclosure 
receives the temperature varying means and the sensing 
means therein with the temperature varying means in energy 
exchanging relationship with the sensing means to insulate the 
same from the surroundings. The sensing-means is provided 
with lead means for connecting the sensing means to a control 
circuit. 
As noted above, it is highly desirable to have a sensing 

device operate the control circuit when the sensor reaches a 
preselected temperature or is within a narrow range of tem 
peratures rather than a wide range of temperatures. Ac 
cordingly, a further object of the invention is the provision of a 
sensing device having a sensor, the impedance of which 
changes abruptly at a preselected temperature to provide a 
highly accurate and fast-acting device. . 
Other features and advantages of the present invention will 

become more apparent from a consideration of the following 
detailed description when taken in conjunction with the ac 
companying drawings, in which: 
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FIG. 1‘ is a perspective view, with parts broken away and the 

end caps removed, of a thermal sensing device constructed ac 
cording to the present invention; 

FIG. 2 is an exploded view of the sensor and heater com 
ponents of the sensing device of FIG. 1; 

FIG. 3 is a perspective view of the enclosure thereof; 
FIG. 4 is a vertical sectional view of the sensing device with 

the outer jacket removed in the interest of clarity; 
FIG. 5 is a perspective view of an end cap; 
FIG. 6 is a perspective view of the sensing device con 

structed in accordance with the present invention; and 
FIG. 7 is a graph illustrating the characteristics of a sensor 

which may be used in the construction of the present inven 
tion. 

Accordingly, a thermal sensing device constructed accord 
ing to the present invention is designed generally by the 
reference numeral 10in the FIGS. and comprises a sensor 12, 
a heater 14 in energy exchanging relationship with the sensor i 
12, an enclosure 16 which receives the sensor 12 and the 
heater l4, and an insulating jacket 18 which surrounds the en 
'closure and insulates the same, both electrically and ther 
mally, from its surroundings. 
More speci?cally, the sensor or sensing means 12 includes a 

pellet 20 of material, the resistance or impedance of which va 
ries in accordance with its temperature. A lead 22 is con 
nected to the center of the pellet 20 and another lead 24 is 
connected to the pellet 20 adjacent to its periphery. The leads 
22 and 24 are adapted to be connected to a control circuit so 
that the resistance of the pellet 20 appears between the leads 
22 and 24. The control circuit (not shown) may be of conven 
tional design so that when the resistance of the pellet reaches a _ 
predetermined value the control circuit will be actuated. 
While any material the resistance of whichvaries with tem 

perature may be used as the pellet 20, in practice the sensor 
12 may comprise any type of well known thermal sensor. 
The characteristic curve 26 for a sensor of the type 

described above is shown in the resistance versus temperature 
graph of FIG. 7 and includes a gradually sloping portion 28. 
However, when the temperature of the sensor I2 reaches a 
preselected value (about 178° C. in the illustrated example), 
there is an abrupt discontinuity in the curve 26 and the re 
sistance of the sensor 12 changes at a very rapid rate as in 
dicated by the substantially vertical line portion 30 of the 
curve. Thus, by utilizing a sensor of this type, the abrupt 
change in resistance at the temperature under consideration 
ensures that the control circuit will operate when the sensor 
reaches the so-called triggering temperature to provide a 
highly reliable and accurate device. Moreover, this drop in im 
pedance is extremely rapid and occurs within 3-4 seconds as 
opposed to other types of sensors wherein the impedance 
change takes substantially longer. 
The heater 14 comprises a strip of material having a rela 

tively high resistance. More particularly, the heater 14 in 
cludes a heat producing portion 32 having portions cut away 
to decrease the cross-sectional area thereof. Hence, the heat 
dissipation in this portion is increased. Extending upwardly 
and outwardly in opposed directions from the portion 32 are 
respective terminal portions 34 and 36. The‘ terminals 34 and 
36 are adapted to be connected with the equipment to be 
monitored so that the heater responds to a parameter of the 
equipment. 
To be more speci?c, the heater 14 may be connected so that 

the current of the equipment to be protected flows through 
the heater. If an overload occurs, the current increases and the 
temperature of the portion 32 of the heater likewise increases. 
The characteristics of the heater 14 are chosen so that when 
the current reaches a dangerous or unsafe value, the tempera 
ture of portion 32v reaches the triggering temperature which 
causes the resistance of the sensor 12 to change abruptly and 
actuate the control circuit which, in turn, may operate to 
remove power from the associated equipment. 
A feature of the present invention resides in the fact that 

different sensing devices may incorporate different capacity 
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heaters so that the sensing device of the present invention may 
be utilized with any type of equipment regardless of the cur 
rent capability of the equipment. That is, if the equipment to 
be monitored draws a high current, a sensing device having a 
heater 14 which has a high current capacity may be provided 
to ensure that the triggering temperature will be reached only 
when the current of the particular equipment being monitored 
reaches a dangerous valud. Hence, the present device is ex 
tremely ?exible for use with various types of equipment. 
The enclosure 16 (FIGS. 3 and 4) comprises an open-ended 

tube 17, preferably of a shiny metal, having a substantially 
centrally located opening 38 in the peripheral wall thereof. 
The interior wall of the tube 17 may be coated with a layer 40 
of electrically and thermally insulative material such as a sil 
ieone or ceramic material to insulate the tube 16 from the 
electrical components and to re?ect the heat from the portion 
32 therein. A 

The heater 14 is received longitudinally within the enclo 
sure 16 with the portion 32 located opposite the opening 38. 
The sensor 12 extends through the opening 38 transversely to 
the axis of the tube 17 and the face of the pellet 20 is in jux 
taposition to the portion 32 of the heater 14. One face of an 
electrically insulative slab 42 having a high thermal conduc 
tivity, such as mica or asbestos paper, is in intimate engage 
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25 
ment with the portion 32 of the heater l4 and the opposite _ 
face thereof is in intimate engagement with the face of the pel 
let 20. Alternatively, a layer of material of the type disclosed 
in US. Pat. No. 3,413,232 may be used. Hence, the heater 14 
is maintained in energy exchanging relationship with the sen 
sor 12 but is electrically insulated therefrom. The sensor 12, 
heater 14 and slab 42 may be maintained in position by an 
electrically insulative glue of the type disclosed in the afore 
mentioned patent or potting compound (not shown) which 
may fill the interior of tube. The enclosure 16 serves to re?ect 
and concentrate the heat produced by the portion 16 in a 
small area. 
As shown in FIG. 4,‘the terminal portions 34 and 36 of the 

heater 14 extend beyond the ends of the tube 17 . Additionally 
the leads 22 and 24 of the sensor 12 extend through the open 
ing 38. The leads 22, 24 are bent at an angle to the vertical for 
reasons which will become apparent hereinbelow. 
The enclosure 16, with the components therein, is received 

within the jacket 18. More speci?cally, the jacket 18, which is 
fabricated from a thermally and electrically insulative material 
such as a ceramic or the like, includes a cylindrical section 44 
of substantially greater diameter than the enclosure 16. The 
enclosure is located within the section 44 and is positioned so 
that the terminal portions 34 and 36 extend beyond the 
respective ends of the cylindrical section. Ceramic bushings or 
plugs 46 or 48 seal the open ends of the section 44. 
The bushing 46 is provided with a centrally located slot 50 

and the bushing 48 is provided with an aligned centrally 
located slot 52. The slots 50 and 52 receive the respective ter 
minal portions 36 and 34 of the heater 14 therethrough and 
thereby serve to suspend the enclosure 16 substantially axially 
within the section 44 and in spaced relation to the walls 
thereof. The bushings may be connected in place and an ap 
propriate cement may be placed in the slots 50-and 52 to bind 
the terminals 36 and 34 to the respective bushings 46 and 48 
to maintain the enclosure 16 in position. It is to be noted that 
the air space between the enclosure 16 and the wall of the sec 
tion 44 and the thermally nonconductive jacket 18 insulate 
the enclosure from the surroundings so that the sensor 12 is in 
sensitive to external temperature variations. 
As noted above, the leads 22 and 24 are bent at an angle so 

that they ?t within the jacket 18. in order to permit connec 
tions to the sensor 12, connecting wires 54 and 56'are pro 
vided. The wire 54 is connected to the lead 22 and the wire 56 
is connected to the lead 24'. The wires 54 and 56 extend 
through apertures 58 and 60, respectively, in the bushing 48 to 
permit connections to the control circuit. Alternatively, the 
wires 54‘ and 56 can be brought out through the cylindrical 
section 44. 
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Protective end caps 62 and 64, which may be fabricated 

from a metal, are provided to protect the ceramic jacket 18 
from breakage or cracking. The end caps 62 and 64 are sub 
stantially similar in construction and-include end walls 66 and 
peripheral walls 68 which receive the ends of the section 44 
therein with the respective end walls. in contact with the 
bushings 46 and 48. The end walls 66 are provided with cen 
tral aligned bores 70 which have a diameter in excess of the 
width of the terminal portions 36 and 34 of the heater 14 and 
through which the terminal portions extend without contact 
ing the end caps. Additionally, the end cap 64 is provided with 
apertures 72 and 74 (FIG. 5) which are positioned to be in 
alignment with the respective apertures 58 and 60 and which 
receive the respective wires 54 and 56 therethrough. The end 
caps 62 and 64 may be cemented in place. 

Accordingly, a thermal sensing device has been disclosed 
which is highly accurate and efficient in operation and which 
is not affected by external temperature variations. 
While a preferred embodiment of a thermal sensing device 

constructed according to the invention hasbeen shown and 
described herein it will become apparent that numerous om is~ 
sions, changes and additions may be made in such embodi 
ment without departing from the spirit and scope of the 
present invention. ‘ 

What is claimed is: . 
l. A thermal sensing device comprising sensing means hav 

ing an impedance which varies in accordance with its tem-_ 
perature, temperature varying means for varying the tempera 
ture of said sensing means, said temperature varying means 
having means for connecting said temperature varying means 
with an external device to be monitored whereby the tempera 
ture of said temperature varying means varies in accordance 
with a selected parameter of the external device, an enclosure 
receiving said temperature varying means and said sensing 
means therein with said temperature varying means in energy 
exchanging relationship with said sensing means, said sensing 
means including lead means for connecting said sensing means 
in a control circuit, and-a coating of a material having a low 
thermal conductivity on the interior wall of said enclosure. 

2. A sensing device as in claim 1, and a low thermal conduc 
tivity housing receiving said enclosure therein. 

3. A sensing device as in claim 1, and, electrical insulating 
means having a one face in intimate engagement with said 
temperature varying means, and the opposite face in intimate 
engagement with said sensing means. 

4. A sensing device as in claim 3, in which said electrical in 
sulating means is fabricated from a material having a high 
thermal conductivity. 

5. A sensing device as in claim 1, in which said sensing 
means has a characteristic such that the impedance of said 
sensing means changes rapidly at a preselected temperature. 

6. A thermal sensing device for use with an external control 
circuit for controlling the operation of associated equipment 
comprising sensing means which varies in impedance in ac 
cordance with variations in the ambient temperature, said 
sensing means having leads adapted to be connected to the 
control circuit, a heater having a heat producing portion in 
energy-exchanging relationship with said sensing means, said 
heater having‘te'rminals for connection with the associated 
equipment whereby the temperature of said heater varies in 
proportion to a parameter of said associated equipment, an 
enclosure receiving at least the heat producing portion of said 
heater and said sensing means therein, and an insulating jacket 
surrounding said enclosure. 2 

7. A thermal sensing device as in claim 6, and an electrically 
insulating high thermal conductivity material between said 
heater and said sensing means. 

8. A thermal sensing device as in claim 6, in which said 
jacket comprises a cylindrical section receiving said enclosure 
therein, said heater terminals extending beyond the ends of 
said cylindrical section, a bushing on each end of said cylindri 
cal section, said bushings having axial apertures each receiv 
ing respective terminal therethrough, whereby said enclosure 
is substantially axially located within said jacket. 
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9. A thermal sensing device as in claim 8, in which at least 
one of said bushings is provided with a through bore which 
receives the sensing means lead therethrough. 

10. A thermal sensing device as in claim 6, and'an electri 
cally insulative material covering the interior of said enclo 
sure. 

11. A thermal sensing device as in claim 11, in which said 
enclosure comprises a tube, said heater extending longitu 
dinally through said tube with said heat producing portion 
received within said tube, said tube having an open portion, 
and said sensing means extending through said open portion of 
said tube. 

15 

20 

25 

30 

35 

45 

55 

65 

75 

6 
12. A sensing device as in claim 6, in which the impedance 

of said sensing means changes at a rapid rate when the am 
bient temperature reaches a preselected cycle. 

13. A sensing device as in claim 6, in which the parameter of 
the associated equipment being monitored is a current 
produced by said associated equipment, lead means for con 
necting said heater terminals with said associated equipment, 
said heat producing portion of said heater having a smaller 
cross-sectional area than said terminals whereby the heat 
produced by said heater is concentrated in said heat produc 
ing portion. 


